Singlemode polymer waveguides with integrated mirrors for applications in optical bus systems are realised. The waveguide and mirror structures are fabricated in PMMA substrates by injection moulding. The microstructured metal mould inserts are prepared by silicon micromachining and electroplating. PFPMN TeCEA is used as a UV-curing waveguide core copolymer. Devices with a waveguide attenuation of 0.21dBicm at 1300nni and mirror losses of -1 dB have been demonstrated.
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Singlemode polymer waveguides with integrated mirrors for applications in optical bus systems are realised. The waveguide and mirror structures are fabricated in PMMA substrates by injection moulding. The microstructured metal mould inserts are prepared by silicon micromachining and electroplating. PFPMN TeCEA is used as a UV-curing waveguide core copolymer. Devices with a waveguide attenuation of 0.21dBicm at 1300nni and mirror losses of -1 dB have been demonstrated.
Introduction: A bottleneck in fast switching and multiprocessor systems is the relatively slow data exchange rate on common electrical buses. Therefore, there is a strong need for high speed bus configurations. One promising approach are optical interconnections e.g. with free space optics or fibres [I, 21 . Another method to realise optical interconnections is the optical backplane integrated physically in the conventional electrical backplane as shown schematically in Fig. 1 . The basic elements of the optical backplane are the polymer optical waveguides and the micromrrors at the end of the waveguides. The connections between the boards and the backplane are accomplished by microlens arrays in order to nnprove the coupling tolerances. [7] with silicon micromachining for the preparation of the precise silicon preforms, electroplating for metal mould fabrication, and injection moulding for the replication in optical plastics.
anisotropic reactive ion etching (RIE) process (Fig. 2a) [8] . In Fig.  3a , a realised silicon master with waveguide and mirror structures is shown. To obtain a robust metal mould insert for injection moulding, the silicon master is electroplated with nickel (Figs. 2b  and 3b) [6] . Injection moulding of microstructured PMMA test substrates (Figs. 2c and 3c) (10 x 40 x 2 m m ) is performed by using a standard injection moulding machine (Arburg Allrounder).
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Device fabrication: The silicon preform fabrication process starts with wet chemical (KOH) etching of the 3 0 p deep (111)-mirror planes. In the next step the waveguide structure with a quadratic cross-section (6 x 6 p 2 ) is etched into the silicon by using an ELECTRONICS LETTERS 5th December 1996 Vol. 32 After cleaning, the mirror planes of the injection moulded substrates are metallised by e-beam evaporation of silver through a metal shadow mask ( Fig. 2 4 . In the last fabrication step, the waveguide trenches are filled with a mixture of monomers: 45% PFPMA (pentafluorphenylmeth-acrylate), 54% TeCEA (tertrachlorethylacrylate) and 1 % pohotoinitiator [9] . Complete filling of the microstructures is achieved by carefully pressing a PMMA cover plate on the monomer flooded substrate surface and by subsequent W-curing (Fig. 2e) . Fig. 2f shows the optical pathway through a complete device.
Experimental results: Several waveguide-mirror devices have been fabricated and tested. The waveguide losses were measured by fibre coupling and applying the cut-back method (cutting off the mirrors). At 1300nm, wavelength waveguide transmission losses of 0.21 dBicm (best value) and 0.3dBicm (typical value) were obtained. At 1550nm wavelength the losses were measured to 0.7dBicm (best value) and 0.8-1 dB/cm (typical value). The mirror losses have been detenxlned by using very short waveguides (< 1 mmj in front of the mirrors. They could be measured to be in the order of 1dB. The reason for the mirror loss contribution is mainly the cut-off of the evanescent optical field guided in the cover plate. The total insertion loss of a complete fibre coupled device comprising a 3 cm waveguide and one mirror was 2.6dB at 1300nm. Fig. 4 shows the deflection of a HeNe-laser beam (633 nm) by an integrated mirror after propagation through the waveguide.
GALE, M.T., BARALDI, LG., and KUNZ, R.E.:
' Lett., 1996, 32, (14) , pp. 1284-1285
Pig. 4 Light propagation (HeNe) through 3cm long waveguide with integrated mirror
The transmission distance in computer backplanes can be > 400mm. To realise waveguide structures of that length we developed a technology for the combination of silicon preforms. Additionally integrated V-grooves and fibres are utilised for precise passive alignment. After electroplating, the long polymer backplanes will be fabricated by hot embossing in plastic sheets.
Conclusion. Injection moulding has been utilised to fabricate test components for optical backplanes including polymer optical waveguides and integrated micromirrors. Low-loss waveguides (0.2dB/cin) and mirrors (1dB) could be realised at a wavelength of 1300nm. For the fabrication of longer optical backplanes (200-400mmj a technology of combining two or more sllicon preforms by passive alignment has been developed. Besides the mass production capability, the described replication technology offers the potential of cost effective integration of coupling elements (e.g. star couplers) and passive alignment structures (e.g. for fibre interfacing).
Acknowledgement: This work has been partially supported by the German BMBF within the PHOTONIK I1 program. The concept of penetration depth may be as useful in estimating the current distribution in a conductor carrying a transient current, as the concept of classical skin depth is useful for estimating sinusoidal current distribution. Some theory is given, followed by an account of a simple experiment.
Introductioiz: Recent interest in high speed digtal integrated circuits and MMICs calls for a better understanding of the distribution of current in the microstrip kind of transmission line; both in the strip itself and in the ground plane. Faraji-Dana and Chow [l] gave a historical background to the problem, with many references to earlier work, and commented on the lack of comprehensive studies involving anything other than an isolated conductor. In [2], these authors gave their solutions to the problem of current distribution in the ground plane of microstrip, but this was for steady state sinusoidal currents. Transient currents are more difficult to deal with, but a step forward has been made by Thomber [3] , who also gives a number of references to earlier work. This Letter is intended to remind the kader of the theory of the skin effect for transient currents and then give an account of a simple experimental demonstration.
Theory: Consider an infinite sheet conductor lying in (x,yj and carrying a current per unit width, in the x direction, which is a step function:
Let the sheet conductor be placed over an infinite half space (IHS) conductor, permeability and conductivity 0, so that the space between the two conductors is h, and the top surface of the IHS conductor lies in (x,y) at z = 0. The +z axis is directed downwards into the IHS conductor, which carries the return current, -ix(t) , along +x.
At t = 0, the current will be confined entirely to the surface of the IHS conductor, and the magnetic excitation in betwqen the two conductors, Hy, will be equal to I , the dimensions of I being N m , as defined above. The question is: how will H, and the current density Jx diffuse downwards into the IHS, both being functions of depth, z, and time, t? The answer is given by the solution to the one dimensional diffusion equation
The solution of eqn. 2 by means of the Laplace transformation, when the initial condition, at t = 0, is a step function in H, at z = 0, is very well known. A recent student's textbook treatment of the
